Asystole can occur during partial seizures. Conversely, asystole may produce clinical features associated semiologically with partial or secondarily generalized tonic-clonic seizures. Management is so profoundly different that accurate diagnosis is critical. We performed simultaneous scalp video electroencephalographic (EEG) and electrocardiographic (ECG) recordings in three patients who presented with an intractable seizure disorder. Habitual events were captured and reviewed. These revealed similar clinical features and temporal association with the ECG and EEG findings. Idiopathic asystole was detected as the cause in all three. All underwent emergency cardiac pacemaker implantation with resultant cessation of their paroxysmal episodes. If this diagnostic study had been delayed or not performed, all of our patients could have presented as sudden unexpected death in epilepsy (SUDEP). Early video-EEG and ECG monitoring is essential in adults with intractable seizure disorders.
INTRODUCTION
Clinical manifestations of syncope and partial seizures that secondarily generalize are, on occasion, similar. For example, both have a paroxysmal onset with loss of consciousness and even loss of postural tone. Both problems may manifest fragmentary myoclonus, tonic posturing, and even vocalization 1, 2 . Patients may have eye deviation, tongue trauma, and incontinence. While an isolated event may not provide enough information to cause initiation of treatment for seizures, recurrent episodes that have characteristics of seizures would cause initiation of antiepileptic drug therapy. However, if symptoms are caused by recurrent bouts of syncope with convulsive features then delay will occur in establishing the correct diagnosis unless video electroencephalographic (EEG) monitoring with an electrocardiographic (ECG) recording is obtained. Spontaneous, symptomatic cardiac asystole in an otherwise healthy person is rare 3, 4 . We report three patients referred for evaluation of uncontrolled epilepsy who had a cardiac origin of their recurrent events. These were interpreted as epileptic spells by their treating neurologists.
MATERIALS AND METHODS
All patients were admitted to the inpatient Epilepsy Monitoring Unit (EMU) in the Memorial Hermann Hospital and underwent continuous video-EEG (V-EEG) with scalp electrodes and ECG monitoring. Routine serum chemistries and blood counts were normal on admission. All patients had their antiepileptic drugs (AEDS) discontinued upon admission. V-EEG was continued until a typical event was captured. This was verified by family members. Specific descriptions of each patient are given below.
Case history 1
A 46-year-old man had a history of nine seizures over the prior 2 months, all while awake. He said he had a 'tickling' sensation in his chest and then he lost consciousness. He was observed to have profuse salivation and jerking movements of all four extremities lasting up to a minute in duration. Routine EEG and magnetic resonance imaging (MRI) study of the brain were normal. These spells abated with initiation of phenytoin, but the 'tickling sensation' continued. His past medical history was significant only for a mild head injury with brief loss of consciousness at age 4 years. His neurological and cardiological examination were normal. Blood pressure was 135/85 mm Hg and heart rate 72 beats per minute. Serum cholesterol was 260 mg dl −1 and phenytoin level was 18.1 µg ml −1 . Phenytoin was discontinued at the time of admission. Six of his typical episodes were recorded during monitoring, over a course of 72 hours. The first episode occurred within 24 hours following withdrawal of phenytoin.
The interictal EEG was normal in wake and sleep. No epileptiform discharges were seen. Ictally, the ECG patterns revealed 28 seconds of asystole (see Fig. 1 ).
The EEG showed no ictal change. After 6 seconds of asystole the EEG showed generalized polymorphic theta and delta slowing lasting 5 seconds, which was followed by diffuse attenuation of the background patterns with admixed muscle artifact lasting 29 seconds. After spontaneous resolution of the cardiac asystole and EEG showed diffuse delta frequencies for 7 seconds, then changing to theta wave forms over the next 11 seconds. Baseline wake EEG patterns then returned.
At the onset of this event the patient was awake in bed, and watching television. Ten seconds after asystole, he lifted his head up off the pillow, followed by tonic extension of his arms. He then slumped forwards with a few erratic clonic jerks of his upper extremities. Subsequently he remained motionless, coinciding with the period of EEG attenuation. As EEG patterns reappeared he showed brief extension of his arms with irregular clonic movements of his right arm. When EEG background patterns reverted to normal he appeared relaxed and oriented.
Six episodes were recorded; all were similar. He was transferred to the cardiac unit where he underwent urgent doppler studies, an echocardiogram and a stress test, which were all normal. Tilt table testing was negative. A permanent pacemaker was implanted and since that procedure he has not had any further events over 2 years, off antiepileptic drugs.
Case history 2
A 29-year-old woman had a prior history of syncopal episodes during her adolescence, occurring once every 1-3 years and consisting of loss of consciousness without convulsive features. She began AED treatment 1 year prior to admission. She was in her first trimester of pregnancy when the first seizure occurred.
During the first week post-partum her seizure frequency increased. At admission she reported having two to three seizures a week. Her seizures were intractable to treatment with phenytoin, phenobarbital and carbamazepine.
A typical seizure began with an aura consisting of epigastric discomfort or smell of a burning electric wire, accompanied by auditory hallucinations consisting of songs from her early childhood. Following this the patient experienced loss of consciousness with stiffening of extremities and convulsive features. On admission her blood pressure was 125/65 mm Hg and heart rate 68 beats per minute. Neurological and cardiac exam were normal. Plasma carbamazepine level was 6.7 µg ml −1 . MRI of the brain and a 12-lead ECG were normal. Two events were recorded during monitoring.
Her interictal EEG was normal. At the onset of her event the ECG showed 24 seconds of asystole. Generalized EEG slowing occurred 3 seconds after onset of asystole. Theta and delta frequencies were present diffusely for 14 seconds followed by diffuse attenuation that lasted 18 seconds. Within 10 seconds after return of cardiac rhythm, generalized delta and then theta slowing appeared for 23 seconds. Wake alpha rhythms then resumed.
The patient was awake at the time of the event. Three seconds after onset of asystole she appeared restless and reached for the event marker. Her head then slumped forward followed by momentary stiffening of her arms. She then remained motionless coinciding with the period of EEG attenuation. She had arrhythmic clonic jerks of her extremities within a few seconds after reappearance of EEG rhythm. She remained quiet until normal wake background patterns returned on the EEG. During one episode she had only 4 seconds of asystole and said she felt 'dizzy'. Echocardiogram, cardiac doppler studies, holter monitor and tilt table testing were normal. A permanent cardiac pacemaker was implanted and she has remained event free for 2 years, off antiepileptic drug therapy.
Case history 3
This 26-year-old woman had the onset of seizures at age 17. Her seizures were nocturnal and occurred every 2-3 months. She reported grand mal seizures that occurred without aura, and were accompanied by tongue trauma and bladder incontinence. She was not treated with antiepileptic drugs during a 3-year seizure free interval between ages 23 and 26 years. When seizures recurred at age 26 years, they were diurnal and had a frequency of one to two each week. These events did not respond to treatment with phenobarbital, carbamazepine or valproate. Phenytoin caused a rash. At admission, her blood pressure was 100/72 and heart rate 80 beats per minute. Her physical examination including neurological and cardiac system was significant only for congenital deformities of the digits of her right hand. MRI of the brain revealed a small left frontal venous angioma. Two typical events recorded had similar patterns. No interictal epileptiform discharges were noted.
Prior to the event the EEG and ECG background patterns were normal. This pattern was interrupted by asystole that lasted 19 seconds. EEG changes occurred 8 seconds after onset of the initial asystole, with generalized theta and delta slowing that lasted for 5 seconds. These slow patterns were followed by diffuse attenuation that was observed for 17 seconds. Diffuse slow activity then reappeared with normal wake background returning 13 seconds later.
At onset, the patient was seated watching television. Six seconds after asystole she looked down. Her head then fell back and her arms were motionless. She then stiffened both upper extremities followed by irregular clonic activity which coincided with the reappearance of slow wave activity on the EEG. She then relaxed and was alert. Stress test, echocardiogram, and tilt table testing were normal. She had a permanent cardiac pacemaker implanted. AEDs were discontinued and she was discharged from the hospital. She had not had recurrence of convulsive events during the 2 years of follow up.
DISCUSSION
Patients who continue to have paroxysmal events that are not responsive to AED therapy or have events of which the exact nature is not clear are appropriate candidates for inpatient V-EEG monitoring. The differential includes both epileptic and nonepileptic events. Syncopal episodes may present as refractory seizures, as was the case in our patients.
Syncope occurs when a patient experiences loss of consciousness and postural tone, but may occur with just one of these features 1 . If syncope is accompanied by myoclonic or tonic muscle activity then it is said to be convulsive 2 . This spectrum corresponds to the intensity of anoxia associated with brain hypoperfusion 5 . Syncope caused by reflex processes rather than cardiac disease, or neurocardiogenic syncope, includes vasovagal syncope, carotid sinus syndrome, tussive syncope and deglutition and micturition associated with fall in blood pressure or even bradycardia 6 . Diagnosis depends on reproducing symptoms by carotid sinus massage or tilt table techniques. Trivial noxious stimuli may cause cardiac arrest by vagal mechanisms resulting in reflex anoxic seizures 7 . Such anoxic seizures are common in children. Clinical diagnosis may be made using the ocular compression test 6 . Recurrent spontaneous cardiac asystole presenting as seizures in otherwise healthy patients has been seldom reported 3, 4 . However, this potentially life threatening event must be entertained as a cause of refractory epilepsy.
The spectrum of clinical features associated with syncope is well described in our patients. It is not surprising that these patients were treated for epilepsy prior to diagnostic evaluation. The clonic activity is associated with these events are irregular and asynchronous. They may be described as fragmentary myoclonus. Post-ictal changes were absent or minimal in all events observed. This finding is consistent with extensive studies reported by Lempert et al. using a videometric analysis of multiple syncopal episodes 1, 2 .
The EEG changes occurring after onset and offset of asystole were stereotypical in all events. EEG was normal prior to onset of asystole. The first change noted was diffuse theta slowing followed by delta waveforms with maximal changes over the anterior head regions. Then diffuse background attenuation ensued. Following recovery of cardiac rhythm, delta slowing initially reappeared leading to theta waveforms, and then a return to normal awake background rhythms. This pattern of evolution on the EEG depends on the duration of asystole with resulting cerebral hypoperfusion and occurs during syncope of any type 8 . Gastaut observed EEG suppression followed by slow wave abnormality when cardiac arrest lasted a duration of least 14-15 seconds. Cardiac arrest lasting 3-6 seconds did not have clinical or electrical abnormalities. If asystole lasted 7-13 seconds only bilateral synchronous slowing occurred 9 . Loss of consciousness with head slump usually occurs with the start of asystole, followed by tonic stiffening as the EEG attenuates. Slowing preceding EEG suppression may be associated with myoclonic or clonic activity. This is again seen during slowing, which occurs after diffuse EEG suppression.
Pathophysiological mechanisms causing electroencephalographic manifestations of syncope are distinct from epilepsy. Severe anoxia causes relative electric silence of the cortex, while activity persists in the brainstem and reticular activating system. Tonic posturing is akin to functional decerebration and is likely to be secondary to discharges in the pontomedullary reticular formation. Depression of electrical activity proceeds from telencephalon to diencephalon and then to mesencephalon and cerebellum at which time the caudal reticular formation functions. This probably generates the myoclonic components of syncope 9 . Seizures may directly affect cardiac rate and rhythm. They commonly produce sinus tachycardia and occasionally may cause sinus bradycardia, asystole, or other rhythm disturbances [10] [11] [12] [13] . In all our patients the ECG change clearly preceded the EEG changes, establishing the events as cardiac in origin. Additionally, their response to AED withdrawal and pacemaker therapy verified the cardiac aetiology. Simultaneous ECG monitoring during V-EEG monitoring is essential to identify serious cardiac abnormalities, and determine if these are ictal arrhythmias or primary cardiac events. The fact that asystole from either mechanism may occur in an epilepsy monitoring unit highlights the need for resuscitation equipment on site and trained nursing staff.
Cardiac asystole, presenting as syncope, can be mistaken for epilepsy. This can occur in a patient with no history of cardiac disease. During history taking particular emphasis should be on the nature of motor twitches and post-ictal phase. In addition, patients with medically refractory seizures should routinely undergo V-EEG and ECG monitoring. The atiology of cardiac asystole remains unclear in our patients and appears to be distinct from other causes of cardiogenic or reflex mediated syncope. This may contribute to the documented increased risk of SUDEP with intractable epilepsy.
